A novel temperature compensated SAW substrate was developed by using direct bonding techniques. Temperature compensating method using direct bonding techniques requires support substrate with small TEC (Thermal expansion coefficient) and large elastic coefficients. We evaluated the TEC and thermal stress of bonded LiTaO 3 /glass and LiTaO 3 /sapphire substrates by FEM (Finite element method) simulation. Fig. 1 shows the simulation results for the TECs of the bonded LiTaO 3 /glass and LiTaO 3 /sapphire substrates at the center of the LiTaO 3 surface as a function of the LiTaO 3 thickness. As shown in Fig. 1 , the TEC of the LiTaO 3 /sapphire substrate remains almost the same.
Thickness of the piezoelectric substrate also has large influence on spurious responses caused by bulk acoustic wave reflecting at the bonding interface. Fig. 2 shows the relationship between the amplitude of the spurious responses and the ratio of the LiTaO 3 thickness to the SAW wavelength. The spurious responses are more strongly suppressed with increasing LiTaO 3 thickness. Fig. 3 shows the temperature characteristics of the resonant and anti-resonant frequencies of a one-port SAW resonator using a bonded LiTaO 3 /sapphire substrate. LiTaO 3 thickness of the bonded substrate was 37 µm, about 18 times of SAW wavelength. Sapphire thickness of the bonded substrate was 250 µm. The TCF was -27 ppm/°C for the anti-resonant frequency and -15 ppm/°C for the resonant frequency. The TCF for the anti-resonant frequency was about two-thirds of that for a resonator using a conventional LiTaO 3 substrate, while the TCF for the resonant frequency was about half of that with the conventional substrate.
Using bonded LiTaO 3 /sapphire SAW substrate, US-PCS SAW duplexer with small temperature coefficient of frequency and good frequency characteristics was developed. Power durability of the duplexer using bonded LiTaO 3 /sapphire SAW substrate was excellent because of high thermal conductivity of sapphire. 
